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led toAbstract This paper describes the development of a new method based on dispersive liquid–liquid
microextraction (DLLME) preconcentration for determination of Rose Bengal (RB) residues in
water. The extracted Rose Bengal was separated, identiﬁed, and quantiﬁed by UV–Vis spectropho-
tometry. The inﬂuence factors relevant to DLLME, such as type and volume of extractant and
disperser solvent, pH, salt effect, extraction time were optimized. Under the optimal conditions,
the limit of detection for Rose Bengal was 0.05 lg/mL. The proposed method was applied to the
determination of Rose Bengal in water samples with satisfactory analytical results. The proposed
method was simple, rapid, cost efﬁcient and sensitive for the detection of Rose Bengal.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
In the recent years, there have been many reports of
applications (Grego et al., 2013; Nakonechny et al., 2013;
Wang et al., 2013) and also new uses (Tan and Neuhaus,
2013) of Rose Bengal. Rose Bengal (RB) dye is an anionic
water-soluble xanthene (4,5,6,7-tetrachloro-20,40,50,70-tetraiod-
oﬂuorescein disodium salt) (Fig. 1). It is capable of photocat-542 2242503.
oz.ac.ir (R.M. kakhki).
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UV–Vis spectrophotometry. Aralytic conversion of oxygen molecules (O2) to yield singlet
oxygen (1O2) upon irradiation with green light. Hence, it has
been considered a promising sensitizer in photodynamic ther-
apy (PDT) of tumors (Theodossiou et al., 2003; Wachter
et al., 2003). It has been used as a photodynamic sensitizer
for cancer chemotherapy, as a photosensitizing agent for inac-
tivating biological species such as vaccinia virus, microsomal
glucose-6-phosphatase and trypsin (Thinakaran et al., 2008)
as well as a topical ophthalmic diagnostic. RB has been
exploited as a promising sensitizer in wastewater treatment
due to its water solubility, absorption in the visible region,
good quantum yield of singlet oxygen, and inexpensiveness
(Chang et al., 2008). Nonetheless, due to the toxicity level of
the dye and its discharge into rivers from different laborato-
ries, it is essential to develop an effective method for its
removal, recovery and determination in waste water.ing Saud University.
etermination of Rose Bengal in water samples by dispersive liquid–
abian Journal of Chemistry (2013), http://dx.doi.org/10.1016/
2 R.M. kakhki et al.Because of the low concentration and the complexity of the
environmental samples, an efﬁcient preconcentration step is
usually necessary prior to determination. Dispersive liquid–li-
quid microextraction (DLLME) is a new mode of LPME (Re-
zaee et al., 2006). DLLME is a very popular environmentally
benign sample pretreatment technique (Herrera-Herrera
et al., 2010; Ojeda and Rojas, 2009; Rezaee et al., 2010; Zang
et al., 2009). Some of its remarkable advantages are simplicity
of operation, rapidity, high recovery and high enrichment fac-
tor, and low consumption of solvents and sample (Herrera-
Herrera et al., 2010; Ojeda and Rojas, 2009).
In many applications, other techniques could be employed
but UV–Vis spectrophotometry for its availability, simplicity,
versatility, speed, accuracy, precision, and cost-effectiveness,
is routinely used in analytical chemistry for quantitative deter-
mination of different analytes such as transition metal ions,
highly conjugated organic compounds, and biological macro-
molecules. Ultraviolet and visible spectrophotometer has
become a popular analytical instrument in the modern day lab-
oratories. However, the low concentrations of many analytes
in samples in the complex real samples make it difﬁcult to
directly measure them by UV–Vis spectrophotometry.
Moreover, the wide bandwidth in the UV–Vis spectrum of
the species makes the technique unselective. Therefore, a
sample preparation step is necessary before spectroscopic
measurements to improve the selectivity and sensitivity
(Shokouﬁ et al., 2007).
Nowadays, the use of DLLME technique and its modiﬁed
modes in combination with UV–Vis spectrophotometry has
become very popular because of its usefulness, high EFs,
speed, simplicity, low cost and environmental friendliness. This
technique which is available to virtually all analytical laborato-
ries, presents some major beneﬁts such as: the negligible vol-
umes of extraction solvents used, the very large surface area
between the ﬁne droplets of the extraction solvent and the
aqueous sample and the accordingly fast extraction kinetics
that results in the rapid achieving of a state of equilibrium
(Ma and Cantwell, 1999) and the high enrichment factor usu-
ally obtained (Kocu´ rova´ et al., 2012). DLLME can easily be
modiﬁed for a particular purpose and connected to other
sample-preparation techniques (Zgo’’a-Grzeskowiak and
Grzeskowiak, 2011).
To date, and to the best of our knowledge, no report has
been published on the measurement of RB in water samples
using dispersive liquid–liquid microextraction (liquid-phase
microextraction by UV–Vis spectrophotometry). In this study
we developed a dispersive liquid–liquid microextraction system
for the determination of RB in real environmental samples
with satisfactory results.Figure 1 Structure of Rose Bengal.
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2.1. Apparatus
Absorbance measurements were carried out on a double beam
UV–Vis spectrophotometer model Rayleigh 2100 using 1 cm
quartz cells. A digital pH meter Metrohm, Model 630 was used
for all pH measurements. A centrifuge model eppendorf 5810
was used to accelerate the phase separation.
2.2. Reagents
Octanol, ortho-xylene, para-xylene, chloroform and dichloro-
methane as extraction solvent, methanol (for spectroscopy),
acetone (for spectroscopy) and acetonitrile (HPLC grade) as
dispersive solvent, were obtained from Fluka (Buches,
Switzerland). The Rose Bengal, Sodium chloride, potassium
chloride and calcium dichloride were purchased from Merck
company. RB stock solution (100.0 mgL1) was prepared
by dissolving 0.01 g of the RB in methanol and diluting to
100.0 mL in a volumetric ﬂask, and was stored in dark.
The stock solution of RB was prepared from analytical re-
agent grade. Working solutions of RB were prepared daily
by proper dilution. All chemicals used in this work, were of
analytical reagent grade and were used without further
puriﬁcation.
2.3. Dispersive liquid–liquid microextraction procedure
A 5 mL of a standard solution or real sample was placed
into an extraction vessel. Acetone (2.00 mL) as a disperser
containing 300 lL octanol (as an extraction solvent) was
rapidly injected into the solution using a syringe. A cloudy
solution (water/acetone/octanol) was formed in the extrac-
tion vessel. In this step, the RB in water sample was ex-
tracted into the ﬁne droplets of octanol. The mixture was
then centrifuged for 5 min at 4000 rpm. After this process,
the dispersed ﬁne droplets of octanol were collected and
were dissolved in methanol and were transported to a
UV–Vis spectrophotometer to measure its absorbance at
kmax (530 nm).3. Results and discussion
In this study, a DLLME technique combined with UV–Vis
spectrophotometry was developed for the determination of
RB in water samples. In order to obtain a high recovery the
effect of different parameters such as kind of extraction and
dispersive solvents and volumes of them, pH effect, extraction
time and ionic strength were examined and the optimum con-
ditions were selected. To assess the explained parameters,
extraction recoveries have been used. Eq. (1) was used for
the calculation of recovery.
R% ¼ Ccol  Vcol=C0  Vaq ð1Þ
where R%, Vcol, and Vaq are extraction recovery, volume of
the collected phase, and volume of aqueous sample, respec-
tively. Ccol was determined from a calibration graph. All
experiments were done in triplicate and mean of the results
was used in plotting ﬁgures and preparing tables.etermination of Rose Bengal in water samples by dispersive liquid–
abian Journal of Chemistry (2013), http://dx.doi.org/10.1016/
Table 1 Effect of extraction solvent and disperser solvent on extraction recovery of RB.
Extraction solvent Disperser solvent
Methanol Acetone Acetonitrile
Chloroform 12.05 ± 3.11 17.00 ± 3.32 4.92 ± 1.11
Dichloromethane 35.06 ± 1.41 10.00 ± 1.88 8.00 ± 0.31
O-xylene 26.28 ± 0.60 6.02 ± 1.20 15.00 ± 0.99
P-xylene 37.92 ± 1.01 10.04 ± 2.47 21.92 ± 1.11
Octanol 34.81 ± 1.60 51.32 ± 0.51 20.09 ± 2.10
DLLME preconcentration for determination of Rose Bengal (RB) residues in water 33.1. Effect of DLLME parameters
3.1.1. Selection of extraction solvent and disperser solvent
It is essential to select a proper organic solvent for the
DLLME process. Five solvents including 1-octanol ortho-xy-
lene, para-xylene, chloroform and dichloromethane were con-
sidered for this purpose.
Miscibility of a disperser with organic phase (extraction sol-
vent) and aqueous phase (sample solution) is the most impor-
tant point for the selection of a disperser. Therefore, acetone,
acetonitrle and methanol, which have this ability, are selected
for this purpose. For obtaining good efﬁciency, all combina-
tions using 1-octanol, ortho-xylene, para-xylene, chloroform
and dichloromethane as extractant with acetone, acetonitrile,Figure 3 Effect of disperser solvent volume on extraction
recovery.
Figure 2 Effect of extraction solvent volume on extraction
recovery.
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j.arabjc.2013.09.020methanol as dispersive solvent were examined. According to
the results shown in Table 1, acetone as the disperser solvent
and octanol as the extraction solvent provided maximum
extraction recovery of 51.32%. Therefore, we selected ace-
tone/octanol as a suitable set for subsequent experiments.
3.1.2. Effect of volume of extractant
For the extraction method, careful attention should be paid to
the volume of extractant solvent. This factor could obviously
affect the extraction efﬁciency of the proposed method. In this
work the investigation of the volume of octanol was carried
out. According to the Fig. 2, by increasing volume of octanol,
the extraction recoveries increased till 300 lL. With the in-
crease of extractant volume, the concentration of RB in theFigure 4 Effect of pH of the sample solution on extraction
recovery.
Figure 5 Effect of ionic strength on extraction recovery.
etermination of Rose Bengal in water samples by dispersive liquid–
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Figure 6 Effect of time on extraction recovery.
Figure 7 Calibration graph.
Table 2 Effect of interfering ions on the extraction recovery
of RB.
96.89 Cr3+
98.89 Co3
2
99.00 So4
2
98.94 No3

97.98 F
97.60 Cl
82.17 Ag+
82.14 Na+
82.20 K+
82.21 Ca+
91.00 Flourescine (C20H12o5)
95.11 Co2+
94.89 Mn2+
95.10 Cu2+
95.15 Ni2+
94.90 Mg2+
94.95 Zn2+
95.12 Cd2+
95.13 Pb2+
89.41 Hpo4
2
96.95 Fe3+
96.63 Al3+
4 R.M. kakhki et al.sediment phase was decreased due to the dilution effect. There-
fore, 300 lL was the reasonable volume for the experiment.
After extraction procedure, the enriched samples were diluted
to 1.5 mL by methanol for the subsequent determination.
3.1.3. Effect of disperser solvent volume
To study the effect of disperser volume on the recovery of
RB, all experimental conditions were ﬁxed except volume of
acetone (0.50–4 mL). The results are shown in Fig. 3. Accord-
ing to the obtained results, the extraction efﬁciencies in-
creased till 2 mL and then decreased by increasing the
volume of acetone for RB, this may be due to that the cloudy
state is not formed well, and thereby the extraction is dis-
turbed. On the other hand, in the high volumes of acetone,
solubility of the RB in water increases, therefore, the extrac-
tion efﬁciencies decrease because of distribution coefﬁcients
decreasing. A 2.00 mL volume was chosen as an optimum
volume for disperser.Please cite this article in press as: kakhki, R.M. et al., Extraction and d
liquid microextraction coupled to UV–Vis spectrophotometry. Ar
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The pH is an important analytical parameter because; it has an
effect on the increase of extraction efﬁciency. The inﬂuence of
pH on the extraction of RB from water was studied in the pH
range of 1–12. As can be seen in Fig. 4, the highest signal inten-
sity of RB obtained at pH 2. Therefore, pH 2 was selected for
further studies. Moreover, to adjust pH 2, nitric acid was used.
At the higher and lower pH values RB absorbance decreases.
3.1.5. Effect of ionic strength
The addition of salt improves the extraction efﬁciency in many
conventional extraction processes. Because the organic accep-
tor/aqueous donor phase distribution coefﬁcient can be en-
hanced by increasing the ionic strength of the aqueous
sample (Pedersen-Bjergaard and Rasmussen, 2008; Psillakis
and Kalograkis, 2003; Rasmussen and Pedersen-Bjergaard,
2004).This phenomenon helps to enhance the afﬁnity of the
acceptor phase for the analyte molecules. Sodium chloride
(NaCl) is commonly added to analytical samples (Rasmussen
and Pedersen-Bjergaard, 2004). To investigate the effect of
ionic strength on DLLME performance, a number of experi-
ments were performed by adding different amount of NaCl
1–15% (w/v), while other experimental conditions were kept
constant. The results obtained showed that the salt almost
had positive effect on the extraction efﬁciency of the RB.
The optimal concentration of NaCl was obtained at 10%
(w/v). Thus, the work was done with the addition of NaCl with
a concentration of 10% (w/v) (see Fig. 5).
3.1.6. Study of the extraction time
In DLLME, extraction time is deﬁned as interval time between
injection the mixture of disperser (acetone) and extraction sol-
vent (octanol) into the aqueous sample and starting to centri-
fuge. It is noted that after formation of the cloudy solution, the
contact area between extraction solvent and aqueous phase
(sample) is inﬁnitely large. Thereby, transition of the analytes
from aqueous phase (sample) to the extraction solvent is very
fast. Subsequently, the equilibrium state is achieved quickly so
the extraction time is very short. This is an advantage of the
DLLME technique, i.e., low extraction time. In this method,
the time-consuming step is the centrifuging of sample solution
in extraction procedure. The effect of extraction time was
examined in the range of 1–25 min while the other experimen-
tal conditions remained constant. The obtained results areetermination of Rose Bengal in water samples by dispersive liquid–
abian Journal of Chemistry (2013), http://dx.doi.org/10.1016/
Table 3 The application of presented method for determination of Rose Bengal in different water samples.
Samples Cadded (lg mL
1) Cunspiked (lg mL
1) Cspiked Recovery (%)
Hamoon lake water 8 0.0 7.97 99.62 ± 1.00
11 0.0 10.98 99.81 ± 0.89
Hirmand river 6 0.057 5.98 98.71 ± 1.32
11 0.058 11 99.47 ± 0.76
DLLME preconcentration for determination of Rose Bengal (RB) residues in water 5shown in Fig 6. As a result, 5 min was selected for further
studies.
3.1.7. Interference studies
The potential interferences in the present method were investi-
gated. The effect of some alkali and alkaline earth metals and
some transition metals and anions which co-existing in natural
water, was studied. In this experiment, solutions containing
2 lg mL1 of RB and 200 lg mL1 interfering ions were trea-
ted according to the recommended procedure. The results are
summarized in Table 2, show suitable recovery of the devel-
oped system.
3.1.8. Analytical ﬁgures of merit
The calibration graph (Fig. 7) was linear in the range of 0.2–
9 lg mL1 with a correlation coefﬁcient (r2) of 0.9954. The
limit of detection (LOD) calculated based on 3 Sb/m (where,
Sb and m are the standard deviation of the blank and the slop
of the calibration graph respectively) was 0.05 lg mL1. The
preconcentration factor, deﬁned as the ratio of the concentra-
tions of analyte in the settled phase and in the aqueous sample
solution (concentrations after and before preconcentration),
was 22.
3.1.9. Real sample analysis
Two water samples (from Hamoon Lake and Hirmand River
in IRAN) were analyzed by the proposed DLLME combined
with UV–Vis spectrophotometry. All the samples were spiked
with dye standard at two levels, and were extracted subse-
quently by using the DLLME technique and ﬁnally the ex-
tracts were analyzed by UV–Vis method. Three replicate
experiments were carried out for each concentration level.
The results are shown in Table 3. These results demonstrate
that the waters matrices have a little effect on the DLLME
procedure.
4. Conclusion
A dispersive liquid–liquid microextraction method coupled to
UV–Vis spectrophotometry was used for preconcentration
and determination of trace amount of Rose Bengal in water
samples. The method is simple, rapid and inexpensive. In this
method, the sample preparation time as well as consumption
of toxic organic solvents was minimized without affecting the
sensitivity of the method. DLLME provides good repeatabil-
ity, suitable recovery within a short time. The performancePlease cite this article in press as: kakhki, R.M. et al., Extraction and d
liquid microextraction coupled to UV–Vis spectrophotometry. Ar
j.arabjc.2013.09.020of this procedure in the extraction of Rose Bengal
demonstrated that this technique is feasible for the quantitative
analysis of Rose Bengal in real samples and could be used in
routine analysis.
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